Freshly cut European black pine (Pinus nigra Arn.) and European aspen (Populus tremula L.) from the Bartin province of Turkey were debarked and chipped into 3.0-1.5-0.5 cm. Chips were air dried and stored with less than 15 % moisture content until used for the pulping process. Samples used for polyoses analysis were stored in a cold and dark place. A (Na-2 B 4 O 7 . 5H 2 O), B (Na 2 B 8 O 13 . 4H 2 O), and C (CaB 3 O 4 (OH) 3 -H 2 O) used in this study were obtained from Eti Mine, Turkey. Boron oxide (B 2 O 3 ) contents of A, B, and C were 48 %, 67 %, and 40 %, respectively.
Methods

Metode
The kraft cooking conditions of European black pine and European aspen are summarized in Table 1 . For both species, the 4 % and 8 % (oven-dried wood) boron compounds in powder form were added to kraft cooking liquor. A and B were dissolved, while C was partially dissolved in the cooking liquor at room temperature. Under the same cooking conditions, the boron compound-free kraft cooking was also done as control. The air dried chips equivalent to 650 g oven dried for each cooking experiment were cooked in a 15 L electrically heated laboratory cylindrical type rotary digester. After cooking, pulps were washed with tap water to remove residual liquor. After washing, pulps were disintegrated and screened on 0.15 mm slot screen (TAPPI T 275). Pulps were then beaten to 25°SR in a Valley Beater (TAPPI T 200). Kappa number, screened yield, viscosity, and freeness of pulps were determined using TAPPI T 236, TAPPI T 210, SCAN-CM 15-62 and ISO 5267-1, respectively.
INTRODUCTION 1. UVOD
Turkey has a total boron reserve of 955.3 million tons (72.8 % of the world boron reserves) on the basis of B 2 O 3 content. Also, it is one of the biggest producers of boron compound in the world (47 % of boron market). The annual boron compound production of Turkey is 1 Mine, 2013) .
Since the development of alkaline pulping in 1851, many researchers have tried to increase the pulp yield owing to delignifi cation with a minimum carbohydrate loss. As known, polyoses (hemicelluloses) have some effect on physical and mechanical properties of pulp and paper (Bai et al., 2012; Hu et al., 2013 In this scope, European black pine and European aspen, two wide spread species, are used with different ratios (4 % and 8 %) of A, B, and C to determine the effects of adding boron compounds on kraft pulp and paper properties, as well as on the composition of polyoses. Figure 5 -9 denotes that the difference in the mean values of properties among the compared groups was not statistically signifi cant (P>0.05).
The remaining polyoses (Hemicelluloses) after the pulping process were determined by acid methanolysis (Sunderberg et al., 1998) . Mean values are presented in Table 4 .
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
The kappa number of pulp indicates the degree of delignifi cation in cooking. In the European black pine pulp samples, B additions caused the increase of the kappa number, while A and C additions led to the decrease of the kappa number compared to control pulp ( Figure 1 ). The lowest and highest kappa numbers, 36.1 and 63.4, respectively, were observed when 4 % A and 8 % B were added to cooking. In the European aspen pulp samples, the kappa number decreased with the addition of A (Figure 1) . However, the addition of B and C to the cooking liquor caused an increase in the kappa number. The lowest and highest kappa numbers, 14.6 and 37.9 respectively, were observed when 4 % A and 8 % C were added to the cooking. These results showed that the addition of A accelerates the delignification, while the addition of B has a negative effect on the kappa number of pulps. On the other hand, the addition of C seems not to affect delignifi cation rate of European black pine, whereas it clearly decreases delignifi cation rate of European aspen.
The pulp viscosity is an indicator of degree of polymerization (DP) of polysaccharides (especially cellulose). Therefore, the degradation of polysaccharides during cooking results in a decrease in pulp viscosity. In the European black pine pulp samples, the addition of A and C resulted in pulp viscosity losses. However, the addition of B caused an increase compared to control pulp. The lowest and highest pulp viscosity values of 907 cm 3 /g and 1070 cm 3 /g, respectively, were observed when 8 % A and 8 % B were added to the cooking. In the European aspen pulp samples, pulp viscosity increased with the addition of all boron compounds. The addition of B to the cooking liquor of both species led to the increase of viscosity. This result can be explained by higher kappa number and higher reject ratio of these pulps compared to control samples ( Table 2 and Table 3 ). Also, higher polyoses retention during cooking causes higher pulp viscosity. With the exception of 4 % B in European black pine, as can be seen in Table 4 , the addition of 8 % B to the cooking resulted in the highest viscosity values with the highest concentration of polyoses (119 mg/g).
The brightness of handsheets obtained from boron compounds-added pulps of European black pine was found to increase with the addition of A and C (Table 2). However, the addition of B to the cooking liquor caused the decrease in handsheet brightness. This results can be explained by lower kappa number of A and C pulps and higher kappa number of B pulps than that of the control pulp. The highest brightness increase of 6.8 % was found in the pulp when 8 % C was added. In the European aspen samples, brightness of handsheets decreased with the addition of all boron compounds ( Table 3 ). The highest brightness loss of 39.9 % was determined in the pulp when 8 % C was added. These results show that the effect of A and C on brightness of handsheets depends on tree species. For many years, digester additives such as anthraquinone (Gulsoy et al., 2015) , polysulfur, and sodium borohydride (Gulsoy and Eroglu, 2011) have been used to increase relatively low pulp yield of kraft method as shown in many studies. The screened pulp yield of boron compound-added pulps in both species increased with the increase of the added boron compound ratio (Figure 2 ). The pulp yield increases can be explained by the prevention of degradation reactions, such as peeling and alkaline hydrolysis, when boron compound was added during cooking. The highest screened yield in European black pine and European aspen was 54.1 % and 56.4 %, respectively, when 8 % B was added to the pulp of both species. However, the screened pulp yield of European aspen decreased with the addition of C, because the defi bration point has not been reached. On the other hand, the total yield of pulps increased with the addition of all boron compounds to both species. The highest total yield values of European black pine and European aspen samples were 55.7 % and 58.3 %, respectively, when 8 % B was added to the pulp of both species.
When comparing the screened yield vs kappa No, boron addition clearly results in increased yield at a given kappa number for softwood (Figure 3a) . For hardwood, the yield increases when A and B are added. Addition of C decreases the yield (Figure 3b) . However, this is because the defi bration point has not been reached, and the reject content is much higher when cooking with C. 
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The reject ratio of pulp provides information related to the pulping effi ciency and penetration of the cooking liquor into wood chips. In the European black pine samples, the addition of A caused the decrease of reject ratio, while the addition of B and C resulted in the increase of reject ratio compared to control pulp. In the European aspen samples, the reject ratio of the pulp increased with the addition of all boron compounds. The highest reject ratios of European black pine and European aspen samples were 1.6 % and 16.8 % when 8 % B and 8 % C were added to the pulp, respectively. High reject ratio of 3.9 % was also determined when 4 % C was added to the pulp of European aspen. These results showed that the addition of C to the cooking liquor of European aspen samples slows the penetration of the cooking liquor into wood chips. In this case, longer cooking time is required to reach defi bration point.
During the kraft pulping process, 40 % of European aspen and 50 % of European black pine polyoses were lost. Boron compounds, B (4-8 %) and A (8 %), slightly improved the stability of polyoses. As known, in softwoods Mannose are dominant units (20-25 %), and in hardwoods Xylose (15-30 %) are dominant units. This can also clearly be seen from Table 4 . The effect of boron compounds on the stability of these units showed varieties. Except C and 4 % B, all boron compounds had a positive effect on the Mannose units in European black pine. The 8 % B showed a 15 % increase in the stability. Likewise, in the European aspen boron compounds, 4-8 % B and 8 % A enhance the Xylose stability. Hexuronic acids (Glucoronic and Galacturonic acids), except 4-0-MeGlcA, were totally destroyed during the pulping process. However, the addition of boron compounds increased the stability of 4-0-MeGlcA, especially in the aspen pulp, e.g. B increased acid by 28 % compared to the control sample.
When boron compounds are added to hardwood, higher amounts of MeGlcA groups are created, although xylan remains more or less the same. For softwood, the MeGlcA content seems to depend on the degree of delignifi cation (Figure 4a) , which is not the case for hardwood (Figure 4b ).
All boron compounds added to kraft cooking liquor of European black pine chips led to the decrease in strength properties of the resulting pulp ( Figure 5-9) . The highest and lowest strength losses were determined when 8 % C and 4 % B were added to the pulp, respectively. The strength properties of boron compounds-added pulps of European aspen were determined to be higher than those of control pulp ( Figure  5-9) . The highest strength increases were determined in the pulp when 8 % B was added.
Tensile index of handsheets in European black pine samples decreased with the addition of boron compounds, while tensile index of handsheets in European aspen samples increased ( Figure 5 ). In the European black pine samples, the highest tensile index loss of 13.8 % (from 102.6 Nm/g to 88.4 Nm/g) was determined when 8 % C was added to the pulp. On the other hand, tensile index losses caused by the addition of 4 % A to the pulp were not statistically signifi cant (P>0.05). Furthermore, tensile index losses increased with increasing the addition of boron compound ratios. In the European aspen, the highest tensile index increase of 24.0 % (from 70.1 Nm/g to 86.9 Nm/g) was found when 8 % B was added to the pulp. Also, tensile index increases correlated positively with the increasing addition of boron compound ratios, excluding C additions ( Figure 5 ). This result can be explained by the increase of the hemicellulose content of the pulp obtained when 8 % B was added to the cooking liquor. The strength improving effect of hemicellulose is attributed to its high hydrophilic properties. Due to the high affi nity for water, hemicellulose improves swelling of the fi ber. Thus, fi ber fl exibility increases with increasing the hemicellulose content (Shin and Stromberg, 2006; Danielsson, 2007) . Flexible fi bers enable larger contact areas with neighboring fi bers. This results in stronger inter-fi ber bonds (Forsström et al., 2005) , and higher tensile index (Santos et al., 2008) .
The stretch ratio of handsheets obtained from boron compounds-added pulps of European black pine was determined to be lower than that of the control pulp (P<0.05). The highest stretch loss of 7.5 % (from % 2.28 to % 2.11) was determined when 8 % C was added to the pulp. In the European aspen, stretch ratio of handsheets increased with the addition of boron compounds, except for pulps where C was added. The highest stretch increase of 6.3 % (from % 2.08 to % 2.21) was found in the pulp when 8 % B was added. However, stretch ratio of handsheets decreased by 9.1 % with the addition of 8 % C ( Figure 6 ).
As can be seen in Figure 7 , TEA of handsheets in European black pine samples decreased with the addi- ) was found when 8 % C was added to the pulp. On the other hand, TEA losses in the pulp when 4 % A was added were not statistically signifi cant (P>0.05). In the European aspen, the highest TEA increase of 31.9 % (from 78.1 J/m 2 to 103.0 J/m 2 ) was found when 8 % B was added to the pulp.
The effects of boron compounds on tear index of handsheets are shown in Figure 8 . It was observed that the tear index of handsheets of both species increased signifi cantly (P<0.05) with the addition of boron compounds, except for the pulp of European black pine when C was added. In European black pine and European aspen, the highest tear index increases of 8.3 % (from 12.1 mNm 2 /g to 13.1 mNm 2 /g) and 9.6 % (from 7.3 mNm 2 /g to 8.0 mNm 2 /g), respectively, were found when 8 % A was added to the pulp. Xylan stability, known to have positive infl uence on tear index, could be the effect of this increase (Schwikal et al., 2011; Tavast et al., 2014) .
The correlation between the addition of boron compounds and burst index of handsheets is presented in Figure 9 . In European black pine, burst index of handsheets decreased when boron compounds were added to the cooking liquor. However, burst index losses were not statistically signifi cant (P>0.05) when 4 % A was added to the pulp. The highest burst index loss Table 4 . Strength increases can also be attributed to more hemicellulose retention during cooking (Molin and Teder, 2002) . 
CONCLUSIONS 4. ZAKLJUČAK
The results of this study showed that using of A, B, and C in kraft pulping provides various benefi ts. The addition of 8 % B to the cooking liquor of both species resulted in higher screened and total yield increases compared to A and C. Also, the addition of 4 % A and 8 % B to the cooking gave the best results in European black pine and European aspen, respectively, in terms of paper strength properties. Especially, the addition of 8 % B signifi cantly increased the pulp strength in European aspen samples.
Similar results were observed in the chemical composition. In European black pine kraft pulp, 8 % B increased the stability of Xylose, Mannose and 4-0-MeGlcA units compared to control samples. The addition of 8 % B and 8 % A also has a positive effect and enhanced the amount of sugar units and total amount of hemicelluloses in aspen. As mentioned before, this positive effect directly infl uenced the strength properties of handsheets.
The boron compounds used in this study are cheaper than other digester additives, such as NaBH 4 and AQ. After some additional studies e.g. using of these boron compounds with other lignocellulosic materials, their effects on recovery cycle and recoverability of boron compounds, these boron compounds (A, B and C) can be used in pulp mills.
